The rice variety Nipponbare is characterized by a short culm length (CL) with development and differentiation after abiotic stress disrupts cell proliferation and 3 0 1
growth. Therefore, cell proliferation and growth must be well-coordinated through commercially important crops, the early phase of anther development is more 3 0 5 susceptible to low or high temperatures (Sakata and Higashitani, 2008) . Crop yields are threatened by global climate changes (IPCC, 2007) . Our previous work identified a 3 0 7
correlation between high-temperature injury to anther development in barley and 3 0 8
Arabidopsis and depletion of the phytohormone auxin, and showed that exogenous application of auxin reversed plant male sterility caused by high temperatures (Sakata et In this study, we found that application of the phytohormone GA suppressed 3 1 2
LT-induced male sterility in the modern rice cultivars Sasanishiki and Nipponbare ( frontier technologies that were applied to modern cereal breeding during the last 50
years, which increased global agricultural yields and saved more than a billion people causing the plants to topple over (Hargrove and Cabanilla, 1979; Sasaki et al., 2002 ; Sasanishiki are introgressed with a semi-dwarf (sd1) character selected artificially, has been mapped to the region of qCL1a (Takeuchi et al., 2001) . In this study, we report
that Nipponbare carrying japonica type sd1 is more susceptible to LT stress than that of plant male sterility in response to cool-temperature damage. We show that the 3 3 0 application of GA and/or GA plus sucrose can rescue LT stress-induced male sterility,
and will be an important technique for sustainable agriculture in the face of global 3 3 2 climate change. Oryza sativa L. varieties used in this study included Sasanishiki (Sasaki et al, backcross-inbred line SL5 (Asano et al., 2011 ), Ginbozu (Suge, 1975 Itoh et al., 2004) ,
MATERIALS AND METHODS
Tan-Ginbozu (Suge, 1975; Itoh et al., 2004) , Taichung 65 (TC65: SLR1, GID1) and a GID1 mutant (gid1-8) (Ueguchi-Tanaka et al., 2007) . Sasanishiki was used and grown primarily in an experimental field at Miyagi slow release at rates of 40, 60, and 46 kg/ha (N, PO 5 , and K), was applied 5−7 days 3 5 0 before transplanting. Cool-temperature stress was applied using a running cold-water (approximately 2 months, from early July to early September) in the experimental To study the effect of exogenous GA application, we installed cool-temperature Experiment Station (Supplemental Fig. S4 ). Twelve Sasanishiki seedlings were cultured 3 6 2 until the stage of just-completed panicle formation (6-8 mm panicles) in a 1/5,000
Wagner pot at normal (control) temperature. Plants at stages from just-completed pots for 2 weeks (Supplemental Fig. S4 ). The pots were covered with 150 L containing and cultured under normal conditions. Other series of experiments using mutant cultivars were performed in a cabinet (Espec) with a 12 h photoperiod, day/night temperatures of 27°C/22°C, and
80% humidity. Visible light in the growth cabinet was supplied by a combination of (NH360DL, Iwasaki Electric). A heat-absorbing filter was present that eliminated chamber was described previously (Kang et al, 1998) . For LT treatments during the
stages from early panicle development to the heading period, the pots were placed into a 3 8 1 biological triplicate. tissues and cells were broken by a microhomogenizing system using 1.0 mm-diameter 4 0 6 zirconium beads at 4,300 rpm for 2 min at 4°C (Micro Smash TM homogenizer, TOMY).
The first-strand cDNA was synthesized with PrimeScript Reverse Transcriptase Highly sensitive and high-throughput analysis of plant hormones using MS-probe quantitative trait locus for cold tolerance at the booting stage on rice chromosome 8.
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